Introduction
Maize (Zea mays L.) is currently produced on nearly 100 million hectares in 125 developing countries and is among the three most widely grown crops in 75 of those countries FAOSTAT (2010) [1] . Between now and 2050, the demand for maize in the developing world will double, and by 2025, maize production is expected to be highest globally, especially in the developing countries [2] . Maize (Zea mays L.) has become an important cereal crop in the rice based cropping system of Bangladesh. Another important challenge that threatens the long-term production growth of maize is the changing global climate [3] . Climate change scenarios show agriculture production will largely be negatively affected and will impede the ability of many regions to achieve the necessary gains for future food security [4] . However, maize-based diets, particularly those of the very poor, often lack essential vitamins and minerals. Over 50 million people in these regions are vitamins A deficient, which can lead to visual impairments, blindness and increased child mortality. The good news is that there is tremendous genetic variation in maize resulting in variable concentrations of provitamin A.
The project "Biofortified Maize for Improved Human Nutrition" at CIMMYT has been screening maize samples, looking for the best provitamin A content. Scientists anticipate producing materials with the ultimate target of 15µg/g within the next four years by using cutting edge lab tools to help select the best materials for breeding. Maize inbred lines represent a fundamental resoures for genetics breeding while maize inbreeds are used extensively in hybrid corn production [5] . Hybrid maize has higher yield potentiality than those of synthetics and composites [6, 7] . The hybrid varieties which are currently planted throughout the country are imported from India, China and Thailand etc. The most limiting factor of maize research in Bangladesh is the development, improvement and maintenance of parental/inbred lines. On the other hand, the problem of imported hybrid seed is the involvement of high price and uncontrolled quality. Moreover, the farmers cannot get the seeds timely. One important approach to improve this situation is the development of inbred lines which can produce high yielding hybrid varieties. Before hybrid development, prospective parent (inbred line) selection is a pre-requisite.
The genetic diversity between the genotypes is important as the genetically diverged parents are able to produce high heterotic effects [8] [9] [10] [11] . Maize breeders are consistently emphasizing the importance of diversity among parental genotypes as a significant factor contributing to heterotic hybrids [12] . Characterization of genetic diversity of maize germplasm is of great importance in hybrid maize breeding [13] . D 2 analysis is a useful tool for quantifying the degree of divergence between biological population at genotypic level and in assessing relative contribution of different components to the total divergence both intra and intercluster level [14] [15] [16] . Presently, the maize acreage and production scenario of Bangladesh are very encouraging due to cultivation of high yielding hybrids by the farmers. Farmers are also getting more profit from hybrid maize compared to rice and wheat. Inbred lines are the prerequisite for hybrid seed production. For developing high yielding hybrids large number of inbred lines should be evaluated with their diverged gene pool. The purpose of this study is to highlight the enormous genetic diversity in maize inbreeds and need for novel and systemic initiatives to understand and utilize the genetic diversity being genetically diverse, adapted and associated with traditional farming system [17] .
II.
Material and Methods
Location of Study
Seeds of maize inbreeds line were received from CIMMYT, India. The study was conducted during December 2009 to May 2010 at the experimental field of the Genetics and Plant Breeding Division, Bangladesh Agriculture research Institute, Joydebpur, Gazipur, Bangladesh.
Plant Materials
This study was a part of a long-term maize inbred line development program conducted at the BARI mentioned above where near homozygous inbred lines were developed from single cross hybrid varieties as source of population. Observations were recorded on whole plot basis for days to 50% tasseling (DT) and 50% silking (DS). Ten randomly selected plants were used for recording observations on plant height (PH), ear height (EH), cob length (CL), cob diameter (CD), number of cobs per row (CPR), number of grains/cobs (GPC), 1000-grain weight (g) (TGW) and grain yield/plant (g) (GPP). Data were recorded according to maize descriptor during vegetative, flowering, harvesting and post harvesting periods. At flowering stage healthy disease free plants were selected and also selfed by hand for maintenance of desirable lines. The mean of the 10 plants were subjected to statistical analysis. Genetic diversity was estimated as per Mahalanobis D 2 Statistics (1936) and Clustering of genotypes was done according to Tochers method as described by Rao(1952) [18] .
III.
Results And Discussion
Characteristics of exotic inbred lines of maize
Range, mean, standard deviation and co-efficient of variation of different 10 characters of the studied inbred lines is presented in Table 1 . Maximum variation was found in plant height (cm), grain yield/plant (gm), cob diameter (cm), number of grains per row, and cob length (cm). Hence there is enough scope for selection of potential inbred lines for hybridization program. Similar results have also been reported by P. C. Mahalanobis et al. (1981) [19] , D. S. [20] and V. Arunachalam et al. (1936) [21] . (Table 2 ). It was revealed that cluster VI comprised maximum number (30) of genotypes, followed by cluster I and cluster III comprising 28 and 25 genotypes, respectively. The lowest genotype was included in cluster IV (18) . Clustering pattern of inbred lines under this study reveals that the inbred lines showed considerable genetic diversity among themselves by occupying six different clusters. Similar results were reported by Singh et al. (2005) [22] and Liu YuAi et al. (2006) [23] in maize and by Masud et al. (1995) [24] in pumpkin. Another study was carried out by Chen FaBo et al. (2007) [25] who reported that 186 maize genotypes could be classified into ten clusters. On the basis of D 2 analysis, 146 inbred lines were grouped into six clusters (Table 2 ). Clustering pattern of inbred lines under this study reveals that the inbred lines showed considerable genetic diversity among themselves by occupying six different clusters. [23] in maize and by Masud et al. (1995) [24] in pumpkin. Another study was carried out by Chen FaBo et al. (2007) [25] who reported that 186 maize genotypes could be classified into ten clusters.
CA003134-B-B-B-2-B, Pop.31C4S5B-6-#-#-1-2-B-B-B-B-B-B1-B-B-2-B, CA14502-B-B-B-2-B, CA03139-6-4-2-B, CA14514-3-B-1-B, CA14709-B-2-B-1-B, CA03130-1-5-B-1-B, CA03130-B-B-2-B-1-B, CML425-2-1-3-B, P31C4S5B-33-#-#-11-BBBB-B-B-3-B-1-B, P31C4S5B-39-#-#-B-B-B-B-1-B-1-B, P31C4S5B-39-#-#-B-B-B-B-3-B-1-B, P31C4S5B-39-#-#-B-B-B-B-4-B-2-B, P31C4S5B-39-#-#-B-B-B-B-6-B-2-B, P31C4S5B-39-#-#-B-B-B-B-B-8-6-3-B, P31C4S5B-23-#-#-6-BBBB-B-B-1-4-2-B, P31C4S5B-23-#-#-6-BBBB-B-B-1-7-2-B, CML116-1-B, CML172-2-B, CML284-2-B, CML291-1-B, CML336-1-B, CML338-1-B, CML468-2-B, P31C4S5B-33-#-#-11-B-B-B-B-B-B-B-B-3-B, CA03141-2-B-1-B IV 18 CA03141-3-B-2-B, SW92145-2EV-7-3-B-B-B-B-B-5-B-1-B, P31C4S5B-39-#-#-B-B-B-B-B-8-8-2-B, P31C4S5B-23-#-#-6-BBBB-B-B-3-B-2-B, P31C4S5B-41-#-#-B-B-B-B-B-B-1-B-1-B, P31C4S5B-6-#-#-1-1-B-B-B-B-B-4-B-2-B, P31C4S5B-6-#-#-1-1-B-B-B-B-B-5-4-2-B, CML472-B-B-B-3-B, CML30-2-B, CML112-1-B, CML122-1-B, CML292-3-B, CML412-1-B, CML436-1-B, CML465-2-B, CML479-2-B, CML480-1-B, CA03139-B-B-3-B, CA14514-1-B-1-B, CA03139-B-B-
The maximum inter cluster distance was observed between cluster II and IV (Table 3) indicating that the inbred lines grouped in these clusters were highly divergent from each other. The intra cluster D 2 value was the least in cluster I and the highest in cluster IV. D 2 values varied from 0.974 to 6.595 exhibited high to medium range of diversity presence in the inbred line and principal component scores also indicated a high degree of genetic diversity among the genotypes.
The maximum inter-cluster divergence (Table 3) was observed between the clusters II and IV and it was minimum between clusters I and V. The maximum intra-cluster distance was observed in cluster IV and minimum in cluster I. The crosses involving parents from most divergent clusters are expected to manifest maximum heterosis and generate wide variability in genetic architecture. Intra cluster distance was much lower than the inter cluster one, suggesting, heterogeneous and homogeneous nature between and within groups, respectively. This was further supported by an appreciable variation observed for cluster means (Table 4) . Mean values of Plant height (PH), Ear height (EH), Cob length (CL), number of cob per row (CPR), number of grains per cob (GPC) and Grain yield /plant (GYP) were the highest in cluster IV; Cob diameter (CD) and 1000-seed weight in cluster III. A wide range of variations for several characters among single as well as multigenotypic cluster was observed. However, the difference was clear for plant height, ear height, cob length, number of cob per row, number of grains per cob and grain yield /plant, which has contributed largely to the total divergence. [25] . Hence, for the improvement of different characteristics viz; Plant height, Ear height, Cob length, Number of cob per row, Number of grains per cob and Grain yield/plant under the present study, inbred lines should be selected form cluster IV and III. In Table 5 , the principal component analysis revealed that in major vector I, the important characters responsible for genetic divergence in the major axis of differentiation were days to 50% tasseling, days to 50% silking, plant height, cob diameter, cob length, number of rows per cob, number of grains per row, 1000-seed wt. In vector II, which was the second axis of differentiation, the characters, days to 50% tasseling, days to 50% silking, plant height, cob diameter, number of rows per cob, number of grains per row, 1000-seed wt important. The role of these parameters for both of the vectors was positive across two axis which is the indication of the important components of genetic divergence among the inbreeds.
IV. Conclusion
Maintenance and characterization of new exotic inbreed line was studied to find out the more diverse inbred lines in maize which might be used in hybridization programme. 146 maize inbred lines were grouped into six different clusters. The crosses involving parents/inbred lines from most divergent clusters are expected to manifest maximum heterosis and generate wide variability in genetic architecture.
